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As stated in previous papers of  this series (1, 2),  rabbits inoculated
in the testicles with tissue fragments or a  cell  emulsion  of  the  tumor
under consideration  almost invariably  develop a local growth.  These
tumors  frequently  metastasize  and  give  rise  to  physical  signs  and
symptoms  of  disease which  differ somewhat  according  to  the  course
of  the  disease  and  the location  of  metastases  in individual  animals.
Under favorable  conditions,  the progress  of  the growth is rapid,  and
while  some  animals  apparently  recover,  many  of  them  die  either
acutely (6 to 8 weeks),  or after the lapse of several months, presenting
a picture  not unlike that of malignant  disease  in man.
In reporting  the results of intratesticular  inoculation, emphasis was
placed  upon  the phenomena  of  disease  or  the clinical  effects  of  the
tumor and  the  reaction  of  tumor-bearing  animals  rather  than  upon
the immediate results  of inoculation.  When other methods  of trans-
plantation  are employed,  however,  conditions  are altered  to such  an
extent  that the  results  must  be presented  from  a  different point  of
view.  The percentage  of takes, the size attained  by primary tumors,
the incidence  of metastases,  and  the  duration  of  the growth  become
the standards of measurement  as in most experimental work with the
tumors  of  laboratory  animals.
Thus far, the efforts which have been made to propagate  the tumor
may be divided into three classes:  (1) inoculation  of uninjured  tumor
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fragments  or  tumor  cells;  (2)  inoculation  of  cells  which  have  been
injured,  as by repeated  freezing and  thawing; and  (3)  inoculation  of
desiccated  tumor tissue  and  of  Berkefeld  filtrates.  A  few  attempts
have  also  been made  to transmit  the growth to other  species  of  ani-
mals.  The results  of  experiments  other  than intratesticular  inocula-
tion of uninjured tumor cells will be reported in the order  enumerated
above.
Transplantation  of Uninjured Tumor Cells.
In  addition  to the  intratesticular  route,  seven  methods  of  trans-
plantation have been studied, including subcutaneous, intracutaneous,
intramuscular,  intraocular,  intracerebral,  intraperitoneal,  and  in-
travenous  inoculations.  For  convenience,  the  results  obtained  by
these methods  may  be  considered  collectively.
Methods and Material.
The  selection and  preparation  of the material used  for all inocula-
tions  in  this  group  were  essentially  the  same  as  those  described
in the second paper of the series (1) and need not be repeated.  Both
tissue fragments  and cell emulsions  have  been used for subcutaneous
and  intracutaneous  inoculations,  but  cell  emulsions  were  used  for
all  other  inoculations.  Injections  were  made  with  a  syringe  and
needle  (Fournier  tuberculin syringe,  graduated  in 0.01  cc.).
Subcutaneous  inoculations  were  made  in  the  scrotum,  the  groin,
and  the axilla  or pectoral  region,  intracutaneous  inoculations on the
ventral  surface  of the  sheath,  and intramuscular  inoculations  in the
muscles  of  the inner and posterior  aspect  of  the thigh.
Intraocular  injections  were  carried  out under  a  local  anesthetic.
The  cornea  of  one  eye was punctured  at its upper  and outer margin
with  a  corneal  knife;  a  small  amount  of  the  aqueous  humor  was
permitted  to  escape  and  the  emulsion  introduced  into  the  anterior
chamber.
Intracerebral  inoculations  were  done  under  a  general  anesthetic.
A  small  incision was  made  in the skin over  the  middle  of  the  right
frontal  bone  near  its anterior  extremity.  With a  trephine,  a  small
opening  was  then  made in  the bone  through  which  the  needle  was
introduced  and  the injection  made  into  the  anterior portion  of  the
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right frontal lobe  of  the brain.  These  procedures were  carried  out
aseptically.
The intravenous  inoculations  were made through  an  ear vein  and
the intraperitoneal  by injection into the peritoneal cavity.
For  the  sake  of  uniformity,  male  rabbits  were  used  in  all  cases,
and  with the exception  of  one group  of  experiments,  in which  com-
bined intratesticular  and subcutaneous  or intracutaneous  inoculations
were  studied,  animals were inoculated at  only one point.
In most instances,  a single  series of five or six animals appeared  to
be  sufficient  to  indicate  the  results  which  might  be  expected  from
the use of a given method and the probable  utility of the method for
experimental purposes, but with the intracutaneous  and subcutaneous
routes,  several  series  of animals  were  studied.
Results.
Tumor  Incidence.-Inoculations made  into  the  brain  and  the
anterior chamber of the eye gave positive results in all but one animal.
In  this  instance,  the  emulsion  was  apparently  washed  out  of  the
eye  and  a  second  inoculation  was  successful.  The  percentage  of
takes  from  intramuscular  and  intracutaneous  inoculations  was  also
high  (80  to  90  per  cent),  but with  the  subcutaneous  route,  it was
often difficult  or impossible to determine whether there was a definite
growth  or  not  on  account  of  the  marked  local  reaction.  A  small
nodule  developed  at  the  site  of  inoculation  in  all  animals,  but  in
most  instances,  this  nodule  was  composed  largely  of  granulation
tissue.  From  a  study  of  these  lesions,  it appeared  that  the  cells
introduced  survived  for  several  days  and  that  there  was  probably
some growth  but it was  only  in an occasional  animal that a  clearly
defined tumor developed.
If  for  present  purposes,  therefore,  such  indefinite  results  be  re-
garded as negative,  the incidence  of tumors from subcutaneous  inocu-
lations may be placed at from 20 to 25  per cent, or one animal out of
four  or five.  For  example,  in  a  series  of  sixteen  rabbits  inoculated
in the subcutaneous  tissues of  the groin, four  developed  fairly  large,
actively  growing  tumors,  and  in another  series  of  fourteen  animals,
three  developed  tumors.  Only  once  was  this  proportion  exceeded.
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In this instance,  three  out  of five  animals  gave  positive results,  but
there was still only one animal with a good tumor growth  comparable
to those  regarded  as positive  in other  series.
Attention  may  be  called to  the fact  that this  ratio  of  one in  five
corresponds  roughly  with  the  proportion  of  fulminating  cases  of
malignancy  which  occurred  after  intratesticular  inoculation  and
that it is also significant  in that it corresponds  with an  incidence  of
low  resistance  displayed  by rabbits  to a variety  of unrelated  experi-
mental  conditions.  It  has  been  given  practical  application  in  this
laboratory for  a number  of years in planning and  evaluating  toxico-
logic  experiments  and  experiments  dealing  with biological  aspects  of
infections  such as syphilis.  Since no normal rabbit has died  thus far
from tumor inoculations  in the subcutaneous  tissues,  this method  of
inoculation  has  been  utilized  in  the  study  of  crossed  relationships
of  resistance  to  tumor  and  to  syphilis  as  one  means  of  identifying
animals with  the lowest  tumor  resistance.  The  reactions  to  intra-
cutaneous  and  intramuscular  inoculations  have  also  been  helpful
in  this  respect  as  a  means  of  determining  intermediate  degrees  of
resistance.
Intraperitoneal  and  intravenous  inoculations,  as  determined  by
autopsy, gave practically the same results as subcutaneous inoculation.
Each  of  these  series  consisted  of  five  rabbits.  One  animal  of  each
group was killed at the end of 3 weeks; one of the intravenous animals
became very weak and was killed after 4 weeks, while the others were
killed  at  from  6  to  8  weeks  after  inoculation.  The  results  of  the
two  series were identical.  In each,  there were three animals with no
evidence  of active  or healed  tumors,  one animal with what appeared
to be  small  tumor  nodules  which  had  healed,  and  one  with active
multiple  growths.  Both of  these  were diagnosed  during  life,  in  one
case  by the development  of weakness  and anemia suggestive  of Addi-
son's  disease  (intravenous  series)  and  in  the  other  by  a  palpable
growth in  the abdominal  wall.
Incubation.-The incubation  period  which  might  be  given  for
tumors produced by different methods of inoculation would naturally
vary  according  to  the  opportunity  for  detecting  the  presence  of  a
growth.  Thus,  with  the  intravenous  and intracerebral  inoculations,
the first evidence of a growth was symptomatic, and in most instances,
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these  symptoms  did  not  appear  until  nearly  3 weeks  after  inocula-
tion.  With  inoculations  made  into  the  anterior  chamber  of  the
eye  on  the other  hand,  a  visible growth could be detected within  72
hours.  In  other  instances,  the  first  signs  of  growth  were  derived
from  palpation,  and  the  results  varied  somewhat  according  to  the
extent of the reaction aroused in the tissues at the site of inoculation.
However,  a  growth in the skin or muscles  was usually recognizable
within  5 to  7 days  after inoculation,  and  within  7 to  14  days  after
inoculations in the  subcutaneous  tissues.
Growth and Termination.-The character  and extent of  the  growth
obtained  in  these  experiments  differed  according  to  the  method
used.  It  was  found  that  during  the  first  few  weeks  the  growth
of the tumor could be followed to excellent  advantage in the anterior
chamber  of  the  eye,  which  served  the purpose  of  a  culture medium
in which  the proliferation  of  tumor cells  and  the growth  of  nutrient
vessels  could  be  observed  directly.  In  this  location,  the  growth
first  assumed  the  form  of  an extremely  delicate  membrane  or  of  an
intricate  network  of  fine  thread-like  processes  of  a  pale  opalescent
appearance  which  floated  freely  in  the  aqueous  humor,  except  for
an attachment at their point  of origin.  The growth of these  struc-
tures  was  accompanied  by the  development  of  an  equally  delicate
network  of vessels  which  originated from subjacent  parts of the iris.
These vessels  were so delicate that they were apt to be ruptured by
any unusual  excitement  of  the animal, and  hence  were the source of
rather frequent and profuse hemorrhage.
For  the first  2  or  3  weeks,  the growth  of  these  tumors was  very
rapid,  and by  the  end  of  the  3rd  week,  the  anterior  chamber  was
usually filled with an irregular lobulated mass of an opaque white or
opalescent appearance mottled with areas of necrosis and hemorrhage.
When  this  point  had  been  reached,  growth  became  less  active  on
account  of  the  confining  influence  of  the  tunics  of  the eye.  Even-
tually, however,  the bulb became  deformed and  tended to protrude,
and  in  some  animals,  the growth penetrated  to the  outer surface  of
the  eye.  The  course  of  events was  not followed  beyond  this point,
the  experiments  being  terminated  on  account  of  the  tendency  to
hemorrhage  and  secondary  infection  of  the  exposed  tumor  mass.
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In the group  of animals  studied,  there was  only one which showed
signs  of  permanent  regression  of  the  ocular  tumor  during  a  period
of 3  to 6  weeks observation.  The  tumor in this  instance  developed
from  the corneal incision  and was located  chiefly in  the conjunctival
tissues.  On  the  other  hand,  no  metastases  were  demonstrated  in
any  of these  animals.
Tumors in  the brain  grew very  rapidly,  exhibiting  a  tendency  to
spread  rather  diffusely  along  the surfaces  of  the meninges  and  over
the walls of the ventricles,  and in most instances,  there was an abun-
dant growth about the choroid plexus.  Of the five animals comprising
this group,  one died 12  days after inoculation and another on the 16th
day as a result of a growth in the cranial cavity.  The three remaining
animals  showed  pronounced  symptoms  of  intracerebral  pressure  and
were  killed on the  17th  day.  None  of  these animals  showed  visible
metastases,  and  it was  apparent  from  this  experiment  that rabbits
inoculated  in the  brain  would  rarely  survive  longer  than 3  weeks.
The  growth  of  tumors  in  the muscles  was  also  rapid.  Irregular
lobulated  masses or multiple nodules developed at the site of inocula-
tion,  and within 2 to 3 weeks,  some  of these reached a  size of from  1
to 3 cm.  in diameter.  They invaded  the  muscle  and  extended  cen-
trally for  a considerable  distance,  but in  the small  group  of animals
studied  thus far,  all the primary  tumors have undergone spontaneous
regression,  and  with one  possible  exception,  no  distant  metastases
have been found.'
The tumors  produced  by intracutaneous  inoculation  were  usually
small  and  rarely  exceeded  1 cm.  in  diameter.  They  were  smooth
and  elastic,  and  at  the  height  of  their  activity,  not  infrequently
invaded  the  surrounding  skin  and  showed  surface  ulceration.  The
fate  of  these  tumors  was  variable.  In  animals  inoculated  on  the
sheath only, the tumors persisted  for a comparatively  short time  and
no metastases  were  observed,  but the skin  tumors  of  a few  animals
1 The animal of this series which showed the most persistent growth was subse-
quently inoculated  with  Treponema pallidum and developed  a  severe generalized
syphilis.  At  the  height  of  this  disease,  the  animal  was  given  a  second  tumor
inoculation in the subcutaneous tissues.  There was a slight local growth, and when
the animal was  killed  6 weeks  later  (6 months after  the first inoculation),  an ac-
tively growing metastasis was found in one of the adrenals.
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inoculated  in  both  the  testicles  and  the  sheath  continued  to  grow
parallel  with  those  in the  testicle  and  metastases  developed  in the
inguinal  lymph nodes which  may have  been  derived  from the tumor
in the skin.
With  subcutaneous  inoculations,  there was  a  further reduction  in
the  extent  of  the primary  growth.  As  has  been  mentioned,  small,
intensely  indurated  or  elastic  nodules  of  3  to  8  mm.  in  diameter
developed  at the  site  of inoculation  in all animals,  but by the  10th
day,  they usually  began to  soften and diminish  in  size, leaving  only
a  small  fibrous  mass.  Clinically,  such  cases  may  be  regarded  as
negative in that the growth of tumor cells could not be  distinguished
from  the  granulation  tissue which  formed  the  greater part  of  these
lesions.
In  other instances,  the growth  assumed  the  form  of  an  irregular
elastic nodule or of a firm  plaque which  continued to increase in  size
for 2 to  3 weeks  and was almost invariably associated with  a marked
enlargement  of  the regional lymph  nodes as shown in  Figs.  1 and 2.
This  feature  of  the  reaction  was  at  times  helpful  in  distinguishing
between  small  tumor nodules  and  masses  of  granulation  tissue.  In
both  cases,  the  regional  lymph  nodes  became  enlarged,  but  the  en-
largement  was  much  greater  when  there  was  a  definite  growth  of
tumor  cells.  This  condition  is  illustrated  in  Figs.  3  and  4  which
are taken from  two animals  of the same  series which were  inoculated
in the mammary  line on  the right side of the thorax.  In Fig. 4,  the
nodule at  the  site  of  inoculation  is  barely  perceptible  and  the  en-
largement  of the adjacent lymph  nodes is much  less  than  in  Fig.  3
which shows a small but definite  tumor nodule.
This was the picture usually presented, and in cases of small nodules
of uncertain  character,  the associated lymphoid  reaction  was helpful
in arriving at a diagnosis  of the probable extent  of the tumor growth
which  had  taken  place.  For  the same  reasons,  inoculations  in  the
mammary line were preferable  to those made in the axilla or groin.
Subcutaneous  tumors  were  either  single  or  multiple;  they were
usually lobulated and  rarely exceeded  a centimeter in diameter.  As
a rule,  regression began within 2 to 3 weeks after inoculation,  but in
exceptional  instances,  growth  was more  active  and  more  prolonged
and  the  tumors attained  a  size  of  2 or more  cm.  in diameter.  An
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example  of a growth  of this type is given in Figs. 5 to 8 which repre-
sent  stages  in the  development  of  a  tumor  from  9  to 37  days after
inoculation.  An  interesting  feature  of  the  condition  here  shown  is
the  reduction  in  the  size  of  the  inguinal  lymph  nodes  which  took
place  during the later  stages  of  tumor growth or preceding  any ap-
preciable  degree of regression.
Thus  far,  no  metastases  have  been  found  from  primary  tumors
in the subcutaneous tissues of normal rabbits; all of them have under-
gone spontaneous  resolution,  and 4 to 5 weeks was  the extreme  limit
of  their activity.  This  fact  should  be  emphasized,  since  in  certain
classes of syphilitic rabbits, inoculation by this method will lead to the
development  of metastases  and to the death  of the animal.
Little  can be said of  the growth which  takes place  after  intraperi-
toneal  or  intravenous  inoculation.  In  the  two  instances  of  this
kind  in  our  series,  the growth  was  generalized,  and  one animal  (in-
travenous) would undoubtedly have died, but the probable fate of the
other is uncertain.
In general,  primary  tumors  of the  eye,  the muscles,  the skin,  and
the subcutaneous  tissues  showed  periods  of increased  and decreased
activity analogous  to those described  in tumors  of the  testicles, and
in  the  case  of  the most  active  growths,  resolution  not infrequently
began  abruptly  and at  times  was  preceded  by  an  acute  swelling  or
edematous infiltration  of  the surrounding  tissues.
In  spite  of  the  frequency  of  negative  results  and  the  relatively
benign  character  of  the  growth  obtained  by intramuscular,  intra-
cutaneous,  and  subcutaneous  inoculations,  animals  inoculated  by
these routes  developed  an immunity  which  was  sufficient  to protect
them from  subsequent inoculation by the same route  or from inocula-
tions made into the testicles.
The  outstanding  features  of  this  group  of  experiments  were  the
varying incidence  of primary  tumors  by different  methods of  inocu-
lation,  the  relatively  benign  character  of the growth  in  the muscles,
the skin,  and  the subcutaneous  tissues  and  the  constant  occurrence
of  spontaneous  resolution,  the absence  of metastases,  the  persistence
of the  growth  in the  eye, and  the rapidly  fatal  course  of  tumors in
the brain.
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Inoculations  with Cells Repeatedly Frozen and Thawed.
It has been observed that comminution of tumor cells, as by grinding,
may  reduce  their  activity,  and  that while  the  cells  survive  outside
of  the  animal  body  for  long  periods  of  time  at  low  temperatures,
the  success  of  transplantation  is  usually  diminished  by  repeated
freezing and thawing.
In  our  earlier  experiments,  it was  found  that inoculations  made
with a cell emulsion prepared by grinding the tissue in a mortar gave
results which were fully as good as those obtained by the use of small
pieces of tumor tissue.  This suggested an unusual degree of resistance
to  mechanical  influences,  and in order to test this condition  further,
a  series  of  experiments  was  carried  out  with a  cell  emulsion  which
had  been subjected  to repeated  freezing,  thawing, and  grinding.
Method.
The method  used was  as follows:  A cell emulsion  was  prepared  as
for  ordinary  inoculation  and  divided  into  two  parts,  one  of  which
was placed in the ice box for the inoculation of control animals.  The
other portion was placed  in a flask and reduced  to a temperature  of
-20° to  -25°C.  and kept at this  temperature  for 30 to 40 minutes.
The emulsion  was then thawed  rapidly by immersion  of  the flask in
warm  water and the process  repeated.  Finally,  the  frozen  material
was  placed  in a  mortar and  ground before  inoculation,  and  a dark-
field examination  of the emulsion  was made to  determine  the extent
to  which  the  cells  had  been  broken  up.  Inoculations  were  made
intratesticularly,  as  usual,  and  controlled  by  the  inoculation  of  a
second series of animals with the portion of the original  cell emulsion
which  had been  kept  in the  ice  box.
Two experiments  of this kind were done.  In the first experiment,
the emulsion  was  frozen  twice  before  being  inoculated  into  five  rab-
bits.  One  of  these  was  killed  8  days  after  inoculation  in order  to
determine  microscopically  whether  there  was  any  evidence  of  a
growth.  The  four  other  animals developed  tumors after an incuba-
tion  period  of  between  2 and 3 weeks  as  contrasted  with 1 week  in
the controls.
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In  the  second  experiment,  the  emulsion  was  frozen  and  thawed
five  times,  but the  results  were  essentially  the  same  as  in the  first.
The  incubation  period  was  slightly  longer,  but  all  the  animals  de-
veloped  tumors.
These  experiments  show  a  remarkable  resistance  on  the part  of
the agent responsible  for the transmission  of the  tumor, but may be
explained upon the basis  of a failure to destroy the tumor  cells, since
dark-field  examination  of  the  emulsion  used  in  the  second  experi-
ment  showed  that while  the majority  of  the  cells were  fragmented,
there were  a few  that presented  an apparently  normal appearance.
Inoculations with Desiccated Tumor Tissue and Cell-Free  Filtrates.
With a view to determining whether the tumor could be propagated
by inoculation  of  material  which  contained  no  living  tumor  cells,
three  series  of  experiments  were  carried  out with  desiccated  tumor
tissue and with cell-free  filtrates.
Methods.
Desiccation  of  the tumor  tissue was  accomplished  by spreading  a
thin layer of tumor pulp over the bottom of a large Petri dish, freezing,
and drying in a vacuum over phosphorus pentoxide  while in a frozen
condition.  An  emulsion  was  prepared  from  the  powder  obtained
and injected  as usual.
The filtrates  were prepared  from an ordinary cell  emulsion,  diluted
slightly more than usual,  by passing through fine,  medium,  or  coarse
Berkefeld filters.
Inoculations  were  made  in  the  testicles,  the  anterior  chamber  of
the eye,  and  the brain.  The  activity  of  the  growth  used  for  the
preparations  of  these materials  was controlled  in each case  by intra-
testicular  inoculation  carried out with the fresh cell emulsion.
All these  experiments  gave negative  results.  While  this does not
prove  that living tumor  cells  are essential  to the propagation  of the
tumor,  the  experiments  do  show  that the  causative  agent  was  not
capable  of passing  even  a coarse  Berkefeld  filter or  of surviving  the
process of desiccation  as was the case with the chicken  tumors studied
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by Rous  and his collaborators  (3).  The possibility  of the  existence
of  an agent  distinct  from  the  tumor  cell  has  not been  investigated
beyond this point.
Inoculation of Foreign  Species.
A few attempts  were made to  transmit the growth to  rats and  to
guinea pigs by intratesticular and  intracerebral  inoculation  but with
negative  results in  all cases.
DISCUSSION  AND  CONCLUSIONS.
Taken  as a whole,  the most striking feature  of the behavior of the
transplanted  tumor, as recorded in this  and the preceding paper  (2),
is the wide difference in the results which may be obtained by varying
the method of inoculation.  The fact that, under one set of conditions,
the  tumor is  practically  incapable  of growth,  while,  under  another,
it is capable  of producing  a most malignant  disease,  and,  under still
other  conditions,  produces a  growth of  considerable  proportions but
of  relatively  benign  character,  affords  an  exceptional  opportunity
for the study of phenomena  of tumor growth and of conditions which
contribute  to  malignancy  or  to  resistance  on  the  part  of  the  host.
It  is not our intention, however, to discuss these subjects at this time
further than to point out certain features of the experiments reported
which indicate the sphere of action of several groups of factors which
determine  the results  of transplantation.
It  is obvious that the tumor possesses  a capacity for growth which
is not exhibited by the cells of normal tissues, and  that, under favor-
able conditions, it is capable of producing a disease which is analogous
in  many respects  to human  cancer.  It  is  apparent,  however,  that
neither  the  extent  of  the  growth  nor  its  effects  upon  the  animal
organism  are  determined  solely  by  the  activity  of  the  tumor  cells,
but that  there  are  a  number  of  factors  which  contribute  to  these
results,  all  of  which  are  effective  either  by direct  action  upon  the
tumor  cells  or through  the intervention  of  the host.  In brief,  there
are  three  elements  which affect all experimental  work  of  this  kind.
These are the material  used, the method,  and the animal.  The first
two of these  factors  can  be maintained  at a  fair  level  of  constancy
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or  varied  almost  at  will  provided  the  investigator  is  sufficiently
familiar with his material.  Still, the capacity  for growth  of a given
material  can  be  estimated  only within  certain  limits,  and at times
results will be obtained which can be explained only upon the assump-
tion  of  a capacity  for growth  which was much  greater  or much  less
than  had  been  supposed.  The  third  factor,  however,  is  the  most
uncertain  of  the  group.  Its  value  is  difficult  to  estimate  and  is
subject  to change,  hence an intimate knowledge  of  the animal is the
most  important  element  in  the  experimental  equation.  In  the
experiments  reported,  there  are  numerous  examples  of  the  influ-
ence  of  each  of  these  factors in determining  the  results  of  tumor
inoculation.
The  capacity  for growth  possessed  by  the  cells  of  this  tumor  is
brought  out  to  greatest  advantage  by inoculations  made  into  the
brain,  the  eye,  and  the  testicle,  where  large  and  rapidly  growing
tumors  are  produced  in almost  every  animal.  When  given  the ad-
vantage of such locations as the brain, the testicle, the anterior cham-
ber of the eye, the muscles, or even the skin of the sheath, growth  of
the tumor cells  stands out in practically  all animals as an aggressive
and dominant force  for a period  of from  2 to  4 weeks.  During this
time,  only the exceptional  animal  appears  to be capable  of opposing
an effectual  resistance.
In  the  subcutaneous  tissues,  conditions  are  reversed.  Native
resistance  is  sufficient  to  dominate  the  situation  completely.  The
tumor grows  very little if at  all in most animals,  and  it is only the
one animal in four or five whose resistance is so feeble that the tumor
is able to reach  any considerable  size.  Even in these cases, however,
growth  is arrested  before  metastases  develop,  and  no serious  conse-
quences  are produced.  Obviously,  similar results might  be brought
about  by nutritional  deficiencies  as in the case  of  ill  nourished,  old,
or diseased  animals,  but in the present  instance,  the  contingency  of
a passive  nutritional  deficiency  can be  eliminated  on account  of  the
ease with which  metastases grow  in both the  skin and subcutaneous
tissues  of  animals  whose  resistance  has  been  broken.  Given  this
advantage  of  location,  therefore,  animals  with  the  least  resistance
are  able to  confine  the  activity of  the  tumor  cells  to essentially  the
same  plane  as that reached in  the most resistant  animals  inoculated
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in the  testicles  or  far  below  that of  intracerebral  inoculations.  In
other  words,  by  merely  varying  the  location  of  the  tumor  graft,
extremes  of  resistance  may  be  equalized  or  made  to  overlap.  Ap-
parently  these  differences  in  results  are  due to  the  opportunity  af-
forded  for  bringing  the  forces  of  resistance  into  operation  or  are
matters of  advantage and disadvantage.
With the  growth  of  tumors  in any  location,  the  resistance  of  all
animals tends to increase,  and apparently  the extent  of the increase
varies according to the demand, within the capacity  of the individual
animal,  and,  except  in  the  case  of  tumors in  the  brain,  a  point  is
usually  reached  at  which  resistance  becomes  dominant.  In  the
brain,  the  extent of  the local growth almost  inevitably  causes  death
before  there is any opportunity  to check its progress  (2 to 3  weeks).
With  other forms  of  inoculation,  there  is  either  a temporary  arrest
or  complete  suppression  of growth,  and here again  the result  is de-
termined in part by the capacity  of the individual animal and in part
by the advantage given  through inoculation.  In the  case of  tumors
of  the eye,  the  end-result  is unknown,  but with tumors  in the  skin
and  muscle,  complete  suppression  occurs,  and  with  possible  rare
exceptions,  the growth is controlled before metastases  develop.
With  testicular  tumors,  conditions  are  different.  In  a  single
series  of  ten or  twelve  animals,  one may  see  every degree  of  antag-
onistic activity between the forces of growth and of animal resistance
included between the extremes of a slight and transient primary growth
and a fulminating case of malignancy.  A few animals possess a high
threshold  resistance  which  is  sufficient  to  reduce  the growth  of the
tumor  to  an  almost  negligible  quantity.  In  a  somewhat  larger
group  of  animals,  the  initial  resistance  is  comparatively  low,  and
the tumor grows rapidly, but there is a prompt and efficient  reaction
on  the part  of  the animal  with  suppression  of  growth  as  by  crisis.
The  opposite  of  this  condition  is  also  seen  in animals  with  slowly
growing  but  rather  persistent  tumors.  Apparently  these  animals
have a relatively high  native resistance  but are either incapable  of a
more  vigorous  reaction  or  are  not  aroused  to  their  full  capacity.
All  of  these  are  examples  of  either  a  high threshold  resistance  or a
reserve  capacity  for prompt and  vigorous reaction.
At the other end  of the scale,  there are a few animals with neither
native  resistance  nor reserve  capacity sufficient  to offer more than a
823MALIGNANT  TUMOR  OF  THE  RABBIT.  IV
feeble  opposition  to  the  growth  of  the tumor  cells.  These  animals
furnish the fulminating cases of malignancy and occur in a proportion
of about one in five in any group of rabbits, or in the same proportion
as  animals  in  which  the  tumor  grows  actively  from  inoculations
made into the subcutaneous  tissues.
Between  the  two  extremes,  the  opposing  forces  are  more  nearly
equal,  and the balance  swings  first  in  one direction  and  then  in  the
other.  A study of the conditions presented by this group of animals
is especially  instructive.  It is obvious that of the two sets of factors
concerned  in these reactions  in  a given experiment,  the potentialities
for  growth  represented  by the  tumor  are  relatively  fixed  and  the
source  of  variation  is  to be sought  in the host.
The  renewal  of  growth  in  a tumor  after  a period  of inactivity  or
regression  raises  the question as  to whether  this is  due  to a passive
decline  in  the  resistance  of  the  animal  which  follows  a  temporary
arrest of the growth or is a phenomenon  of exhaustion.  As has been
pointed out  elsewhere,  periodic  changes  of this  kind are not peculiar
to  either  spontaneous  or  transplanted  tumors  but  are  phenomena
characteristic  of  many  diseases,  especially  those  which  pursue  a
chronic course,  and in all these  conditions the outcome would appear
to be determined  by the way in  which  the host  responds as well  as
by the ability to meet  the demands which are  imposed  upon it.
There  are  many circumstances  connected  with  the growth  of this
tumor which  suggest  that  the  effort  put  forward  by  the  animal  is
roughly proportional  to  the  demand.  One  such  instance  has  been
cited  in  connection  with  the  suppression  of  rapidly  growing  and  of
slowly  growing  tumors.  But  apparently  this  does  not hold  in  all
cases.  The  fact  that  the  animals  composing  the  group  in  which
there is a shifting balance  gradually  become  separated  into two  sub-
groups one  of which  eventually  controls the tumor while those  of the
other succumb,  suggests that in one instance the occurrence of periodic
changes  may be due  to a lack of sustained  effort or a passive  decline
in  resistance  following  a temporary  suppression  of growth,  while  in
the  other,  there  is  clearly  a  failure  in the  ability  of  the  animal  to
maintain  an  effectual  opposition  to  growth  which  is  suggestive  of
exhaustion.
Going  a step  further,  there is  evidence  to  show that a  close  rela-
tion exists between  the local expression  of resistance to tumor growth
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and  the  general  health  of  the  animal.  For  example,  animals  that
control their tumors readily show an improvement  in physical condi-
tion and are  not only immune  to further inoculation with the tumor
but  are  highly  resistant  to  epizootic  infections  and  to  syphilitic
infections  as  well,  while  constitutional  symptoms  of  disease  and
feeble  resistance  to the  same class  of  influences  are  associated  with
a defective  or  feeble  resistance  to tumor  growth.
Moreover,  the  development  of  cachexia  and  the  occurrence  of
death  are  not  necessarily  related  to  either  the  mass  of  the  tumor
or the rate of its growth but to the ability of the animal to confine the
growth  to  a  given  location.  Large  primary tumors  may  produce
practically  no  constitutional  symptoms,  and  animals  with  large
metastatic  tumors  may  remain  in  excellent  condition  for  months,
but with steadily  progressive tumors  or when showers  of  metastases
appear in the skin,  subcutaneous  tissues, and other parts of the body
at  an  early  period,  there  is  a  gradual  or  rapid  decline  in physical
strength,  as  the  case  may  be,  followed  by  death,  even  though  the
primary  tumor  may  be  comparatively  small  and  the  total  mass  of
tumor  tissue  no  greater  than  is  frequently  found  in  animals  that
show  no  symptoms  of  disease.  In  the  one  instance,  the  picture
presented is that of a slow exhaustion, while in the other, it approaches
the condition of a sudden  collapse.
In the same way, one  finds in any group of apparently healthy and
vigorous  animals  a  relatively  uniform  threshold  resistance,  while
the  reserve  capacity of  these  animals varies widely  as regards  their
resistance to tumor growth or to other noxious agencies,  and it is the
reserve  capacity which  forms the true measure  of their resistance.
In other words,  there is a close parallelism  between  the functioning
of  those processes which are  concerned  with the limitation  of  tumor
growth  and  those  which  have  to  do  with  the  maintenance  of  the
general  health  of  the animal.  At any  rate,  each  of these  processes
is conditional upon the other, and both are dependent to some  extent
upon  the  same  mechanism.  In  its  final  analysis,  therefore,  it  is
apparent  that  while  the  quality  of  malignancy  as  brought  out  in
these  experiments  is  conditioned  upon  the  capacity  for  growth  of
the  tumor  cells,  the  degree  of  malignancy  displayed  in  any  given
instance  is  a  function  of  animal  resistance  which  is  not  entirely
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specific  but  corresponds  closely  with  the  ability  of  the  animal  to
meet excess  demands  arising from  other  causes and, to this extent, is
an  expression  of  the  functional  capacity  of  a  mechanism  which  is
concerned  primarily  with  the  maintenance  of  the  general  animal
economy.
These  distinctions  as  to  the  sphere  of  influence  of  the  several
groups  of  factors  in  determining  the  results  of  tumor  growth,  the
manner  in  which  individual  animals  respond  to  the presence  of  the
tumor,  and the relation of these reactions to the effects of  the tumor
upon the animal organism  are important  in that they furnish a basis
for  an  experimental  approach  to  problems  of  tumor growth  and
malignancy,  and  the  conceptions  which  have  been  outlined  above
will be developed more fully in future papers dealing with metastases,
conditions  which  influence  malignancy,  and  effects  produced  by the
tumor upon the animal  organism.
SUMMARY.
The  results  of  seven  methods  of  transplantation  of  a  malignant
tumor of the rabbit are reported  and contrasted with results obtained
by intratesticular  inoculation.
It  was  found  that  inoculations  made  into  the  brain,  the  anterior
chamber  of  the eye,  and  the muscles  gave  an almost uniform  series
of takes with  the production  of  comparatively  large  and  vigorously
growing  tumors.  Intracutaneous  inoculations  were  less  favorable,
while  with  subcutaneous,  intravenous,  and  intraperitoneal  inocula-
tions, a growth was obtained in only 20 to 25 per cent of the animals.
In  contrast with the malignant  course  of  the disease produced  by
testicular  transplantation,  the  tumors  produced  by methods  other
than  intracerebral  inoculation  were  relatively  benign.  In all  cases,
the growth was of  a purely local  character;  in  some instances,  there
was invasion  of the surrounding  tissues with local or  regional  exten-
sion  of the growth,  but no metastases  developed  in  distant  organs.
Tumors in the  brain soon  caused  death  as a result  of  pressure,  and
the ultimate  fate  of tumors in the  eye was  not determined,  but the
growth produced  by other methods  of local  inoculation  was  of  rela-
tively short  duration and  terminated  with spontaneous  resolution.
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It  was  found  that  while  a  good  growth  could  be  obtained  with
material  which  had  been  subjected  to  repeated  freezing,  thawing,
and  grinding,  the use  of cell-free  filtrates  or desiccated  tumor tissue
gave negative results.
In  discussing  the  experiments  reported,  it was  pointed  out that
there  were three groups  of factors which had played important parts
in  determining  the  results  of  transplantation.  These  were  the
capacity  for  growth  of  the  tumor  cells,  animal  resistance,  and  the
advantage  given the  tumor or the animal by the use of  a particular
method  of  inoculation.  From  an  analysis  of  the  results  obtained
with  reference  to the  operation  of  these factors,  the  conclusion  was
reached that while the quality of malignancy  displayed by the tumor
was  conditioned  upon  the  capacity  for  growth  of  the  tumor  cells,
the  degree  of  malignancy  exhibited  in  any  given  instance  was  a
function  of  animal  resistance  which  was  not  entirely  specific  but
corresponded  closely  with  the  ability  of  the  animal  to meet  excess
demands  arising  from  other  causes  and,  to  this  extent,  represented
an  expression  of  the  functional  capacity  of  a  mechanism  which  is
concerned  primarily  with  the  maintenance  of  the  general  animal
economy.
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EXPLANATION  OF  PLATES.
All  the  illustrations  are  reproductions  of  photographs  which  have  not been
retouched.  Objects  are represented  at their natural size.  Statements of time are
estimated from the day of inoculation.
PLATE 44.
FIG.  1. 9  days.  Actively  growing primary tumor  in the subcutaneous  tissues
with  marked enlargement  of the  inguinal lymph nodes.
FIG.  2.  9  days.  A  flattened  type  of  primary  growth  in  the  subcutaneous
tissues, comparable in all other respects with that in Fig. 1.
FIG. 3.  9  days.  A  small nodular  growth in  the subcutaneous  tissues of the
upper  mammary region  with  enlargement  of the  mammary  and  axillary  lymph
nodes.
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FIG.  4.  9  days.  A negative  result  in an  animal of the same series  as that in
Fig. 3.  Note the small nodule of fibrous tissue at the site of inoculation (marked
by an arrow)  and the absence  of any marked enlargement  of the drainage lymph
nodes.
PLATE 45.
FIGS. 5 to  8.  9,  14,  23,  and 37  days respectively.  Stages  in the development
of an unusually large and persistent tumor in the subcutaneous tissues.  Note the
relatively slow growth during the first 2 weeks as compared with the growth during
the 3rd week and the reduction in the size of the inguinal lymph nodes between the
3rd and 5th  weeks.  The slow initial  growth  of the  tumor  may  also  be seen by
comparing Figs.  1 and  5.THE JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL.  XXXVII.
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